Synthesis of the oxazolone derivatives was achieved by the condensation of aromatic aldehydes with N-acetyl glycine in the presence of acetic anhydride and anhydrous sodium acetate. A total of six oxazolones were 1 13 synthesized and characterized using H-NMR, C-NMR and FT-IR spectroscopic techniques. The synthesized compounds were screened for their in vitro antibacterial and antifungal activities using streptomycin and ampicillin as control. The result showed that some of the compounds demonstrate good antibacterial activities against specific bacterial strains and moderate activities against other bacterial strains. The compounds did not show any sensitivity against the tested fungal strains. The quantitative structure-antibacterial activity relationship was studied using some quantum chemical parameters with the aid of Spartan 10 (V1.0.1) and XLSTAT (add-in) software. A good correlation was observed between the antibacterial activity of the compounds and the calculated quantum chemical descriptors.
INTRODUCTION
Increasing resistance of human pathogens to chemotherapeutic agents is a major problem. Recent efforts geared towards developing more effective antimicrobial agents are faced with the challenge of toxicity and undesirable side effects. Therefore, there is the need to search for more potent and less toxic antimicrobial drugs. Mostly, nitrogen, sulphur and oxygen containing five and six membered heterocyclic compounds have been very significant in the field of medicinal chemistry (Aaglawe et al., 2003) .
Oxazolones are important class of heterocyclic compounds which possess an interestingly broad spectrum of biological activities such as antimicrobial (Desai et al., 2009; Siddiqui et al., 2001; Brownlee and Woodbine, 1948) , antiinflammatory (Abdel-Aty, 2009 , Argade et al., 2008 , anticancer (Gaenzler and Corbo, 2007, Sanchez et al., 2006) , anti-HIV (Siddiqui et al., 2010; Witvrouw et al., 1999; Pinto et al., 1996) , antiangiogenic (Sierra et al., 2002) , anticonvulsant (Madkour, 2002) , antitumor, antagonist, sedative (Tikdari et al., 2008; Khan et al., 2006; Mesaik et al., 2004) and cardiotonic activity (Schnettler et al., 1987) . These activities are attributed to their various substitution patterns at C-2 and C-4 positions (Abdel-Aty, 2009 ). Jadomycin B for example, is an antifungal antibiotic produced by the bacterium Streptomyces venezuelae ISP 5230 (Rix et al., 2004) . Natural and synthetic oxazolones are used as synthons for the construction of various alkaloid skeletons, immunomodulators and biosensors (Ozturk et al., 2008; Khan et al., 2006; Bourotte et al., 2004; Fearnley and Market, 2002) or photosensitive composition devices for proteins (Tikdari et al., 2008; Pasha et al., 2007; Mesaik et al., 2004) . They also exhibit promising photophysical and photochemical activities (Palcut, 2009; Bourotte et al., 2004; Jung et al., 1996) , which makes them find usage in semiconductor devices such as electrophotographic photoreceptors and in non-linear optical materials (Murthy et al., 2010; Ozturk et al., 2006) .
Researches that bother on understanding the basis of biological activities of compounds have witnessed tremendous advancement with the use of quantum chemical calculations and quantitative structure activity relationship (QSAR). Quantum chemical calculations and QSAR analysis have proven useful in correlating biological activities with molecular structures of compounds (Alam et al., 2011; GonzAlez-Diaz and Prado-Prado, 2008; Bhattacharjee et al., 2002; Lipinski et al., 2001; Alcaraz et al., 2000) . Studies that employ quantum chemical studies to unravel the relative strengths of a series of drugs or active chemical agents against certain microorganisms and relating such to some quantum chemical parameters are found in literature (Alam et al., 2011; Bhattacharjee et al., 2002; Alcaraz et al., 2000) . In continuation of our search for biologically active heterocycles, we herein report the evaluation of the antimicrobial properties and quantum mechanical studies of some oxazolones. These compounds though not novel, were synthesized from N-acetyl glycine for the present study. A mixture of N-acetyl glycine, 1 (8.5 mmol), the required aldehyde (17.1 mmol), anhydrous sodium acetate (8.4 mmol) and acetic anhydride (34.0 mmol) was refluxed for 2 h on a water bath with stirring at 100 . The resulting mixture was left in refrigerator overnight. The solid obtained was filtered, washed with cold water, dried and recrystallized from ethanol to afford the desired product. 55.5 (OCH ), 111.0, 118.7, 119.9, 122.6, 123.6, 3 124.4, 138.7, 146 .3(C=C, Ar-C),157.7 (C=N) and 168.7 (C=O). 
EXPERIMENTAL
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Sensitivity Testing
The antimicrobial activities of the compounds were determined using the agar-well diffusion method. The bacterial isolates were first grown in nutrient broth for 18 h before use, while the fungal isolates were allowed to grow on potato dextrose agar medium (PDA) at 25 °C until they sporulated. The fungal spores were harvested after sporulation by pouring mixture of sterile glycerol and distilled water to the surface of the plate which were then scraped with a sterile glass rod. The harvested fungal spores and the bacterial isolates were standardized before use. One hundred microliter of the standardized bacterial suspension was evenly spread on Mueller-Hinton agar using a glass spreader while the same volume of the fungal spore suspension was spread on potato dextrose agar. Wells were then bored into the agar media using a sterile 6 mm cork borer and the wells filled with the solution of the compound (10 mg/mL) taking care not to allow spillage of the solution to the surface of the agar medium.
Trichophyton mentagrophytes, Aspergillus niger, Candida albicans, Aspergillus glacus and Aspergillus flavus.
The plates were allowed to stand on the laboratory bench for 1 h to allow proper diffusion of the compounds into the media. The bacterial isolates were thereafter incubated at 37 °C for 24 h after which they were observed for zones of inhibition. Plates containing fungal isolates were incubated at 25 °C for 96 h and afterwards observed for zones of inhibition (Irobi et al., 1994; Russell and Furr, 1977) . The effects of the compounds on the test bacterial isolates were compared with those of ampicillin and streptomycin standard antibiotics at a concentration of 1 mg/mL. The effect of the compounds on fungal isolates was compared with nystatin at a concentration of 1 mg/mL. The antimicrobial tests were performed in compliance with Clinical & Laboratory Standards Institute (CLSI) guidelines.
Determination of Minimum Inhibitory Concentration (MIC)
The minimum inhibitory concentration (MIC) is defined as the lowest concentration of a compound inhibiting the visible growth of any microorganism. Two-fold dilutions of the compounds were prepared and 2 mL aliquot of different concentrations of the solutions were added to 18 mL of pre-sterilized molten nutrient agar at 40 °C to give a final concentration range of 0.31 to 10.0 mg/mL. The medium was then poured into sterile Petri dishes and allowed to set. The surfaces of the media were allowed to dry under a laminar flow before streaking with 18 h old bacterial cultures. The 6 mm cork borer was used to bore wells in the already solidified media inoculated with the microorganisms. Different concentrations of compounds were dispensed into each well. The preparation was left to diffuse o before incubating at 37 C for 24 h for the bacterial strains (Akinpelu and Kolawole, 2004) .
Determination of Minimum Bactericidal Concentration (MBC)
The MBC test deter mines the lowest concentration at which an antimicrobial agent will kill a particular microorganism. The MBC is determined using a series of steps, undertaken after a Minimum Inhibitory Concentration (MIC) test has been completed. Samples for the MBC were taken from line of streak on MIC plates without visible growth and then streaked onto extract-free freshly prepared nutrient agar o medium plates. The plates were incubated at 37 C for 48 h. The MBC was taken as the lowest concentration of the extract that did not allow any bacterial growth on the surface of the agar plates at the end of the 48 h incubation period (Cushnie et al., 2007) .
Computational details
Initial geometries of the molecules were obtained by modelling the molecular structures of the compounds using the GaussView 5.0 software. Gas phase geometry optimization and force constant calculations were carried out using the density functional theory (DFT) method. The adopted DFT model comprises the Becke three parameter hybrid functional together with LeeYang-Parr correlation functional (B3LYP) (Becke, 1993; Lee et al., 1988; Parr and Yang, 1984) , used in conjunction with 6-311+(d,p) basis set. Acceptable predictions of equilibrium molecular geometries and quantum chemical parameters of various organic compounds have been previously obtained by using the B3LYP functional together with different Pople-type basis sets (Dibetsoe et al., 2015; Brovarets et al., 2014; Samijlenko et al., 2010; Lozynski et al., 1998) . The 6-311+(d,p) basis set has also been successfully used to describe the energies of a number of organic molecules using different basis sets (Wodrich et al., 2007) . Absence of imaginary data in the vibrational frequencies of the optimized structures confirmed that they correspond to true energy minima. All the calculations were carried out with the aid of Gaussian 09 software suite (Frisch et al., 2009 (Dibetsoe et al., 2015) : Becke, 1993) LUMO HOMO (Parr and Yang, 1984) Descriptors such as octanol-water partition coefficient (log P), polarizability ( ), number of hydrogen bond donor (HBD), and number of hydrogen bond acceptor (HBA) were obtained by carrying out single point energy calculations on the optimized structures of the molecules using 
RESULTS AND DISCUSSION Chemistry
The reaction of acetyl bromide with glycine in 10% sodium hydroxide solution afforded Nacetylglycine. The reaction followed a nucleophilic acyl substitution in which the lone pair of electrons on the amino group of the glycine serves as the nucleophile which attacks the carbonyl group of the acetyl bromide to afford an alkoxide intermediate. The intermediate group then rearranges with loss of bromine to give Nacetylglycine.
Various oxazolone derivatives, 2a-f were synthesized by condensation of different aromatic aldehydes with in-situ generated oxazolone, formed by the cyclodehydration of Nacetylglycine, using acetic anhydride as the cyclodehydrating agent. The mechanism involves the formation of a mixed anhydride by the substitution of the carboxylic acid proton by an acetyl group. The mixed anhydride then undergoes an intermolecular rearrangement expelling acetic acid in the process to form the oxazolone. Condensation with various aromatic aldehydes is thought to follow a base-catalysed aldol condensation in which the acetate ion abstracts an acidic proton from the oxazolone to form the enolate ion, which can undergo tautomerism. The enolate, a nucleophile then adds to the electrophilic carbon of the aromatic aldehyde to form an alkoxide ion. Protonation of hows the methyl protons resonating as a singlet at δ 2.39 and the methoxy protons at δ 3.95. The non-aromatic methine proton resonates as a singlet at δ 7.09 due to inductive effect of the electronegative nitrogen atom and the magnetic anisotropy constituted by the π electrons in the olefin. Aromatic protons showed peaks between δ 13 6.92 and 7.94. The C NMR spectrum of the same compound showed the methyl carbon resonating at δ15.84, methoxy carbon at δ 56.14, and accounts for all other expected signals.
The H NMR spectrum of 2b shows the methyl protons resonating as a singlet at δ 2.24 and the aromatic hydroxyl proton as a broad singlet at δ 8.11.
The non-aromatic methine proton resonates as a singlet at 8.66 which is higher than what is observed in 2a. This is attributed to hydrogen bonding between the non-aromatic methine proton and the phenolic oxygen atom, in addition to the magnetic anisotropy constituted by the π electrons in the olefin. The same trend was also observed in compounds 2c-e due to the presence of the hydroxyl group on the phenyl ring. Aromatic protons of 2b showed peaks between δ 7.29 and 7.50. Antimicrobial Activity: Table 1 shows the results of the sensitivity test (as zones of inhibition in mm) of the synthesized compounds against ampicillin and streptomycin. Some of the compounds exhibited a measure of broad spectrum antibacterial activity for different Gram-positive and -negative bacterial isolates tested such as 1 and 2a while others were not as broad in sensitivity but at least all the compounds were sensitive to one Gram-positive and one Gram-negative bacteria at the concentration used. Table 2 shows the minimum inhibitory concentration values of the tested compounds and this shows that 2e has better activity against Escherichia coli than one reference drug, ampicillin and a comparable activity with another reference drug, streptomycin. Also, compound 2e showed a better activity than both ampicillin and streptomycin against Streptococcus pneumoniae.
Compounds 2a and 2c showed better activity than ampicillin against Escherichia coli, compound 1 showed similar activity with ampicillin against Escherichia coli and similar activity with streptomycin against Proteus vulgaris and Corynebacterium pyogenes. Compound 2a had a comparable activity with streptomycin against Pseudomonas aeruginosa, better activity than streptomycin against Klebseilla pneumoniae and similar activity with ampicillin against Streptococcus pneumoniae.
As observed from the minimum bactericidal concentration, compound 2e also demonstrated a better activity than the standard, ampicillin but comparable with streptomycin against Escherichia coli (Table 3 ). The MBC/MIC ratio of the oxazolone derivatives was determined to show the bacteriostatic or bactericidal effect of obtained derivatives (Table 4) . The mode/mechanism of The compounds did not show any sensitivity against the tested fungal strains at 10 mg/mL.
Computational Studies
In an attempt to correlate the antimicrobial activities of the synthesized compounds with their reactivity indices, selected reactivity parameters of the compounds were obtained after their geometries had been fully optimized in the gas phase. Gas phase optimized structures of the molecules are shown as part of the supporting information( Figure S1 ). Selected reactivity indices and other theoretically derived parameters are listed in Table 5 . As stated earlier, only the results of antibacterial activities of the molecules against E. coli (-ve) and Ps. aeruginosa (-ve) bacterial isolates (Table 1) were used as the reference for correlations between experimental and theoretical data.
Molecular reactivity is often related to the frontier molecular orbital (FMO) energies, namely highest occupied molecular orbital energy (E ) and HOMO lowest unoccupied molecular orbital energy (E ). E is widely used as a measure of the LUMO HOMO readiness of a molecule to donate its HOMO electron(s) to the appropriate orbital of an accepting specie, while E is a measure of LUMO propensity of a molecule to accept electron from suitable orbital of a donor molecule (Dibetsoe et al., 2015) . In this regard, the higher the E HOMO and/or the lower the E , the more reactive a LUMO molecule. All the synthesized molecules (2a-f) showed higher E and lower E than 1 (i.e.
HOMO LUMO
N-acetylglycine), which suggests higher reactivity of 2a-f than 1. This agrees with the higher antimicrobial activities of 2a-f against E. coli (-ve) and Ps. aeruginosa (-ve) compared to 1.
The energy gap (ΔE), which is the difference between E and E is a gauge of electronic LUMO HOMO stability and reactivity of a molecule. In addition to E and E , the synthesized molecules HOMO LUMO (2a-f) showed lower ΔE than 1, which further suggests higher reactivity (higher antimicrobial activity) of 2a-f than N-acetylglycine. Global hardness (η) is another parameter used to guesstimate relative reactivity of molecules. A harder molecule (higher value of η) is generally less reactive (Soayed et al., 2015; Fleming, 1976) . The results in Table 6 also showed that 1 (Nacetylglycine) is harder than the derived products (2a-f), which is in agreement with the higher antimicrobial activities of the latter. Furthermore, 2a-falso exhibit lower dipole moment that 1 (Nacetylglycine), which suggests that the activity of the molecules against E. coli (-ve) and Ps. aeruginosa (-ve) might be favoured by low dipole moment. Both 2a and 2f that showed the highest inhibitive action against E. coli (-ve) also possess zero HBD. All the molecules (2a-f) have lesser HBD than Nacetylglycine. This observation suggests that the activity of the compounds against the bacteria might have some dependency on the number of hydrogen bond donors present in the molecule. The dependence of antimicrobial activity of the synthesized compounds on composite physical or quantum chemical parameters was investigated by developing some quantitative structure activity relationship (QSAR) model equations. The use of multiple linear regression (MLR) analysis in correlating biological activity of organic molecules to their molecular structures and electronic parameters is very popular in drug design (Fassihi et al., 2009; Deeb et al., 2007; Mandloiet al., 2005; Rasuleyet al., 2005; Hemmateenejad et al., 2002; Lien et al., 1999) . If carefully developed, QSAR (MLR) models can be successfully used to predict biological activity of molecules (Mandloi et al., 2005; Hemmateenejad et al., 2002) .
In the present study, acceptance of the QSAR equations was based on the level of reproducibility of experimental zone of inhibition (ZI) such that the mean square error (MSE) and root mean square error (RMSE) between the predicted zone of inhibition (ZI ) and Pred experimental zone of inhibition (ZI ) must be Exp minimized and the correlation coefficient between ZI and ZI must approach unity. The Pred Exp quantum chemical descriptors utilized in the development of MLR models are those that showed some levels of relationship based on oneby-one correlations described in Table 5 .
The results of the QSAR analysis are summarized in Table 6 and Figure 1 . The results in Table 6 suggest that the average zone of inhibition of the synthesized compounds against E. coli (-ve) and Ps. aeruginosa (-ve) strongly depend on E , E , HOMO LUMO dipole moment (µ), log P, hardness (η), and polarizability (α). The plot of ZI vs. ZI Exp Pred ( Figure 1 ) reveals a strong correlation between the predicted and experimental values. It could be proposed that a combination of four parameters (E , µ, log P and η) could be sufficient to HOMO predict relative antimicrobial activities of this family of compounds. The dependency of ZI on these parameters is such that a molecule with high E , small µ, small log P and small η values will HOMO exhibit relatively strong activity against E. coli (-ve) and Ps. aeruginosa (-ve). 
CONCLUSION
Some oxazolone derivatives have been successfully synthesized in moderate to good yields and evaluated for inhibitory activities against ten bacterial and five fungal strains. Some of the synthesized compounds were found to have moderate to good activity against the tested microorganisms with compound 2e showing better activity against Escherichia coli and Streptococcus pneumonia than ampicillin. The enhancement of the activity of compound 2e could be attributed to the presence of a bromogroup on the phenyl ring. None of the compounds was active against the tested fungal strains. Theoretical quantum chemical calculations used to corroborate experimental studies revealed that the antibacterial activities of the compounds could be predicted from the QSAR empirical equations comprising E , HOMO E , dipole moment (µ), log P, hardness (η), and LUMO polarizability (α). The predicted activities correlate well with experimental results.
